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Abstract 

Our purpose was to examine the long-term efficacy of toric intraocular lens (lOL) implanta- 
tion in cataract patients with high astigmatism due to corneal ectasia, who underwent 
phacoemulsification cataract surgery. Five eyes of 3 cataract patients with topographically 
stable keratoconus or pellucid macular degeneration (PMD), in which phacoemulsification 
with toric lOL implantation was used to correct high astigmatism, are reported. Objective and 
subjective refraction, visual acuity measurement and corneal topography were performed in 
all cases before and after cataract surgery. In all cases, there was a significant improvement in 
visual acuity, as well as refraction, which remained stable over time. Specifically, in subjective 
refraction, all patients achieved visual acuity from 7/10 to 9/10 with up to -2.50 cyl. Corneal 
topography also remained stable. Postoperative follow-up was 18-28 months. Cataract 
surgery with toric lOL implantation seems to be safe and effective in correcting astigmatism 
and improving visual function in cataract patients with topographically stable keratoconus or 

PMD. © 2013 S. Karger AG, Basel 
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Introduction 

Cataract surgery is one of the most common and safe surgical procedures worldwide [1]. 
Phacoemulsification and recent advances in cataract surgery techniques led to improved 
postoperative outcomes [1]. Nowadays, along with the improvement in biometry and 
corneal topography in preoperative examination, patients presenting with cataract can be 
diagnosed with corneal ectasias, i.e. keratoconus [KC) or pellucid macular degeneration 
[PMD), a diagnosis that was difficult to be confirmed before [2]. 

KC is a relatively common, noninflammatory, progressive disorder of unknown etiology, 
characterized by steepening of the cornea and corneal ectasia, concluding in cone-shaped 
protrusion of the cornea [3]. It is considered to involve each layer of the cornea and often 
leads to high myopia and high astigmatism [3]. KC patients usually present in their teenage 
years or twenties, complaining of progressive visual blur and distortion secondary to myopia 
and high astigmatism. Photophobia, glare and monocular diplopia can also be presenting 
symptoms [3]. PMD is an idiopathic, noninflammatory corneal thinning disorder, character- 
ized by an inferior band of corneal thinning with ectasia of the cornea in and around the 
thinned area and is associated with significant irregular myopic astigmatism [4]. It typically 
presents with reduced uncorrected and corrected distance visual acuity [4]. Nevertheless, 
mild cases of KC or PMD may remain undiagnosed until patients are examined for the 
presence of cataract. 

PMD and KC treatment may differ according to the stage of the disease [5], but specta- 
cles or rigid gas-permeable contact lenses are tried initially in KC or PMD eyes, especially in 
the early to moderate stages [5]. Additionally, several treatment modalities have been used 
for patients with KC or PMD, including lamellar keratoplasty, penetrating keratoplasty, 
intrastromal corneal ring segments, corneal collagen cross-linking or phakic intraocular lens 
[lOL) implantation, depending on patients' age [3, 5-9]. Some authors have also used 
excimer laser in patients with KC, but the safety of this procedure remains controversial 
[10]. Interestingly enough, toric lOLs have been considered to provide an opportunity to 
achieve the best distance visual acuity and spectacle independence in cataract patients with 
high corneal astigmatism, but few reports have been published about toric lOLs in cataract 
patients with KC or PMD [11-17]. 

In light of this, our purpose was to examine the efficacy of toric lOL implantation in 
cataract patients with high astigmatism due to KC or PMD. Three cataract patients with KC 
and PMD [5 eyes) are presented, in which phacoemulsification with toric lOL implantation 
was used to correct high astigmatism, comparing refraction [objective and subjective), visual 
acuity and corneal topography before and after cataract surgery in a long-term follow-up of 
18-28 months. 



Case Series 

Case 1 

A 57-year-old woman presented to our ophthalmology outpatient clinic with a gradually 
decreased visual acuity in both eyes because of posterior subcapsular cataract. On presenta- 
tion, best spectacle-corrected visual acuity [BCVA) was 2/10 in the right eye and 4/10 in the 
left eye, with -3.75 -3.50 x 165° and -1.00 -3.50 x 6° subjective refraction in the right and 
left eye, respectively. Automated refractometry showed -4.75 -4.25 x 164° with Kl 44.00 at 
180° and K2 46.5 at 90° in the right eye and -10.75 -5.00 x 5° with Kl 46.00 at 179° and K2 
49.75 at 89° in the left eye. Corneal topography was performed using Orbscan [Bausch and 
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Lomb Inc., Rochester, N.Y., USA) and revealed a central corneal thickness of 533 mm and an 
Inferior temporal displacement of the thinnest point [512 mm], indicative of KC in both eyes 
[fig. la, b). Keratometry [K) values for the steep and flat axis were 47.25 D at 86° and 44.00 
D at 176°, respectively, in the right eye, and 49.8 D at 84° and 45.6 D at 174°, respectively, in 
the left eye. It is important to mention that KC was stable in this patient for the last 2 years, 
which had been confirmed by previous corneal topographies. Biometry was performed with 
the lOL Master [Carl Zeiss Meditec, Jena, Germany) to calculate the lOL power for emmetro- 
pia using the Sanders-Retzlaff-Kraff theoretical [SRK/T) formula. A web-based toric lOL 
calculator program was used to determine the optimal cylinder power and alignment axis of 
the lOL [available at http://www.acrysoftoriccalculator.com) [fig. Ic). A standard 
phacoemulsification with toric lOL implantation [AcrySof SN60T7 Alcon, Ltd., Fort Worth, 
Tex., USA), with a spherical power of 19.5 D and a cylinder power of 4.50 D at the lOL plane 
aligned at 84°, was performed in the right eye. In the left eye, a toric lOL [AcrySof SN60T8) 
with a spherical power of 16.0 D and a cylinder power of 5.25 D at the lOL plane, being 
aligned at 89°, was used. Postoperatively, the BCVA was 9/10 with -0.50 sph in the right eye 
and 8/10 with -1.50 sph in the left eye, which remained stable at the 18-month and 24- 
month follow-up for the right and left eye, respectively. Corneal topography remained 
almost stable, with K values for the steep and flat axis of 47.5 D at 90° and 43.7 D at 180°, 
respectively, in the right eye, and 50.0 D at 94° and 46.0 D at 4°, respectively, in the left eye. 
The toric lOL alignment axis, as determined by slit-lamp biomicroscopy, remained at the 
same degrees at the end of the follow-up for both eyes [fig. Id). 

Case 2 

A 72-year-old woman presented to our outpatient clinic with decreased visual acuity in 
both eyes. Slit-lamp examination showed bilateral nuclear cataract. The BCVA was 4/10 in 
both eyes with +1.00 -4.25 x 90° and +1.00 -5.00 x 91° in the right and left eye, respectively. 
Automated refractometry showed +1.50 -5.25 x 106° with Kl 40.25 at 92° and K2 54.75 at 
2° in the right eye and -8.0 x 98° with Kl 41.75 at 106° and K2 49.50 at 16° in the left eye. 
Orbscan confirmed PMD in both eyes [fig. 2a, b), which had been known and stable for the 
last 3 years. K values for the steep and flat axis were 39.28 D at 93° and 54.7 D at 3°, 
respectively, in the right eye, and 39.7 D at 106° and 48.3 D at 16°, respectively, in the left 
eye. Lens power calculation was performed as described for case 1. A standard phacoemulsi- 
fication with toric lOL was performed in both eyes. In the right eye, a toric lOL [AcrySof 
SN60T9) with a spherical power of 9.5 D and a cylinder power of 6.00 D at the lOL plane was 
implanted at an axis of 3°. In the left eye, a toric lOL [AcrySof SN60T9) with a spherical 
power of 16.5 D and a cylinder power of 6.0 D at the lOL plane was implanted at 14°. 
Postoperatively, the BCVA was 7/10 with -2.50 x 80° in the right eye and 8/10 with -1.50 x 
100° in the left eye, which remained stable at the 24- and 28-month follow-up for the right 
and left eye, respectively. Corneal topography remained almost stable, with K values for the 
steep and flat axis of 53.3 D at 180° and 38.5 D at 90°, respectively, in the right eye, and 
48.6 D at 15° and 39.9 D at 105°, respectively, in the left eye. The toric lOL alignment axis, as 
determined by slit-lamp biomicroscopy, was at 5° in the right eye and at 15° in the left eye 
[fig. Id). The patient was satisfied with the postoperative visual outcomes at the end of the 
follow-up. 

Case 3 

A 72-year-old man presented to our outpatient clinic with decreased visual acuity in the 
right eye due to cataract. The BCVA was 3/10 with -2.00 -2.00 x 60°. Automated refractome- 
try showed -8.00 -3.25 x 58° with Kl 42.25 at 62° and K2 45.5 at 152° in the right eye. 
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Orbscan showed changes consistent with PMD [fig. 3a, b), which had been stable for the last 
2 years. K values for the steep and flat axis were 47.3 D at 155° and 42.9 D at 65°, respective- 
ly. Lens power calculation was performed as described for case 1. A standard phacoemulsifi- 
cation was performed and a toric lOL [AcrySof SN60T5) with a spherical power of 15.5 D 
and a cylinder power of 3.00 D at the lOL plane was implanted. Postoperatively, the BCVA 
was 9/10 with -0.50 -0.50 x 73° in the right eye which remained stable in the 1-year follow- 
up. Corneal topography remained almost stable, with K values for the steep and flat axis of 
47.1 D at 155° and 42.8 D at 65°, respectively. The patient was satisfied with the postopera- 
tive visual outcomes at the 18-month follow-up. 

Altogether, in all cases, there was a significant improvement in BCVA, as well as in re- 
fraction, which remained stable over time, as illustrated in table 1. Specifically, in subjective 
refraction, all patients achieved BCVA from 7/10 to 9/10 with up to -2.50 cyl. Corneal 
topography also remained stable. No lOL misalignment or other complications occurred and 
all patients were satisfied by the postoperative outcome. 

Written informed consent was obtained from all patients. 

Discussion 

In this case series, we present 3 cases with cataract and high astigmatism due to non- 
progressive KC [2 eyes) or PMD [3 eyes), who underwent cataract extraction and toric lOL 
implantation. The principal message is that all patients showed a marked improvement in 
BCVA and subjective refraction, while corneal topography findings remained stable during 
the follow-up period of 18-28 months. Therefore, phacoemulsification with toric lOL 
implantation seems to be an effective method in correcting high astigmatism in cataract 
patients with stable KC or PMD. 

Although there are several new effective techniques to correct astigmatism due to KC or 
PMD, the correction of high astigmatism in cataract patients presenting with KC or PMD 
continues to be challenging. Reduced visual acuity due to KC or PMD is initially managed 
with spectacles or contact lenses, either toric or rigid gas-permeable lenses, to mask the 
irregular astigmatism [3]. Intracorneal ring segments [ICRS) have recently been approved 
for reduction of myopia and irregular astigmatism due to KC, improving objective visual 
outcomes and restoring functional vision [3, 7]. Nevertheless, ICRS have been reported to 
present complications, such as epithelial defects, anterior and posterior perforations during 
channel creation, extension of incision toward the visual axis, shallow placement of implants, 
infectious keratitis, stromal thinning, epithelial breakdown, corneal melting or intrastromal 
deposits, and are not used as a primary treatment in cataract patients [3, 7]. Furthermore, 
after ICRS implantation, high refractive errors may remain and most patients require 
spectacles or contact lenses again [7]. 

On the other hand, phakic lOLs or Artisan phakic lOLs were used for the correction of 
astigmatism in young patients with KC, providing encouraging results, although they could 
only be used in cases with stable KC [3, 6]. An option in patients with KC and a clear natural 
lens is refractive lens exchange with a toric lOL implantation in the capsular bag [17]. In 
addition, corneal collagen cross-linking was used effectively to stabilize the biomechanically 
weakened collagen in KC; however, this technique can only be used in young patients and its 
effect is not distributed homogenously over the corneal depth [9]. 

Interestingly, few cataract patients with KC or PMD and toric lOL implantation for the 
correction of astigmatism have been reported [4, 5, 13-16]. Toric lOLs are used ideally in 
patients with regular astigmatism. Cataract surgery with a toric lOL implantation can be a 
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suitable option to correct high levels of astigmatism and myopia in patients with KC if the 
risk of progression is minimal [4, 18, 19]. Before implanting the toric lOL, the patients' 
individual risk of progression should be analyzed. A careful history taking is needed to 
explore the level of BCVA the patient had before cataract formation occurred and to 
determine whether signs of KC progression are present [18, 19]. Risk factors that have been 
associated with progression of KC include young age, a positive family history of KC, steep 
keratometric values at baseline, changes in refractive error and possibly eye rubbing [19]. In 
practice, clinical findings and corneal topography abnormalities, such as a high central K 
value and an increased amount of steepening of the inferior cornea compared with the 
superior cornea, may be used to assess the risk of progression [19]. Because of the age of the 
3 patients presented in our case series, we regarded the risk of progression to be minimal. 

AcrySof toric lOL is considered to be one of the most commonly used toric lOL in cata- 
ract surgery [20]. It has been found to be effective in the reduction of refractive astigmatism, 
providing good visual outcomes [5]. The AcrySof toric lOL is available in cylinder powers up 
to 6.0 D [SN60T9) at the lOL plane, corresponding to 4.11 D at the corneal plane [5]. It is 
hydrophobic acrylic with open-loop modified L-haptics and 6.0 mm optic diameter. The axis 
marks on the lOL indicate the flat meridian of the toric component on the posterior surface 
of the lOL [5]. 

Another challenge in cataract patients with KC or PMD with high astigmatism and myo- 
pia is lOL power calculation. Accurate axial length, K values and astigmatism axis measure- 
ments must be obtained [20]. Corneal topography is a valuable diagnostic tool for diagnosing 
subclinical KC, providing data for KC screening and progression of the disease, including 
anterior and posterior evaluation and best-fit sphere, corneal pachymetry, as well as K 
values [3]. Because of the irregular astigmatism in our patients, we used the K values and 
axis obtained with the Orbscan and then compared them with those derived from the lOL 
Master, finding no significant differences. The spherical power of the lOL was calculated 
using the SRK/T formula. Thebpatiphat et al. [18] compared the SRK II and SRK/T lOL 
formulas in patients with KC and suggested that the SRK II formula might provide the most 
accurate lOL power in patients with mild KC. However, in moderate and severe KC, lOL 
calculations were less accurate and no differences in calculation formulas could be found 
[18]. As far as the axis is concerned, we have not seen any lOL rotation, in line with other 
studies suggesting that lOL rotation is <4° [21]. 

A potential limitation pertains to the fact that the number of cases reported here is not 
adequate enough to prove the efficacy of this method for the correction of astigmatism in 
cataract patients with KC or PMD. Moreover, one should take into account that the im- 
provement in BCVA derives not only from the correction of refractive astigmatism due to KC, 
but also from the removal of cataract. 

In conclusion, our case series suggests that phacoemulsification with toric lOL implanta- 
tion in cataract patients with stable KC or PMD seems to be effective in correcting high 
astigmatism and achieving optimal visual outcomes. Additionally, Orbscan is considered an 
accurate tool for obtaining K values, showing no significant differences compared to lOL 
Master. Further studies with a larger sample size should be performed to confirm the long- 
term efficacy and stability of toric lOL implantation in patients with cataract and a presuma- 
bly stable KC or PMD. 
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Table 1. Data of 5 eyes (3 cases] with cataract and corneal ectasia 







Case 1 




Case 2 




Case 3 






right eye 


left eye 


right eye 


left eye 


right eye 


VA 


pre 
post 


2/10 
9/10 


4/10 
8/10 


4/10 
7/10 


4/10 
8/10 


3/10 
9/10 


lOL IVIaster 


Kl 
K2 


43.77 D at 4° 
47.34 D at 94° 


46.23 D at 2° 
50.37 D at 92° 


39.20 D at 90° 
54.7 D at 0° 


39.20 D at 105° 
48.28 D at 15° 


N/A 
N/A 


Orbscan Kl 


pre 
post 


44.0 D at 176° 
43.7 D at 180° 


45.6 D at 174° 
46.0 D at 4° 


39.2 D at 93° 
38.5 D at 90° 


39.7 D at 106° 
39.9 D at 105° 


42.9 D at 65° 
42.8 D at 65° 


Orbscan K2 


pre 
post 


47.25 D at 86° 
47.5 D at 90° 


49.8 D at 84° 
50.0 D at 94° 


54.7 D at 3° 
53.3 D at 180° 


48.3 D at 16° 
48.6 D at 15° 


47.3 D at 155° 
47.1 D at 155° 


RefKl 


pre 
post 


44.0 at 180° 
44.00 at 177° 


46.0 at 179° 
46.25 at 174° 


40.25 at 92° 
39.75 at 94° 


41.75 at 106° 
42.50 at 98° 


4/./b at 6/ 
41.75 at 64° 


RefK2 


pre 
post 


46.5 at 90° 
46.25 at 87° 


49.75 at 89° 
50.25 at 84° 


54.75 at 2° 
54.25 at 4° 


49.5 at 16° 
50.00 at 8° 


45.5 at 152° 
45.00 at 154° 


Refraction 


pre 
post 


-4.75 -4.25x164° 
-0.75 +0.25x120° 


-10.75 -5.00x5° 
-1.75 -0.50x30° 


+1.50 -5.25 X 106° 
+6.00 -13.00x79° 


-8.00x98° 

+ 1.00 -5.00x103° 


-8.00 -3.25x58° 
N/A 


Subjective 
refraction 


pre 
post 


-3.75 -3.50x165° 
-0.50 sph 


-1.00 -3.50x6° 
-1.50 sph 


+1.00 -4.25x90° 
-2.50x80° 


+ 1.00 -5.00x91° 
-1.50x100° 


-2.00 -2.00x60° 
-0.50 -0.50x73° 


Follow-up, months 




18 


24 


24 


28 


18 


VA = Visual acuity; Ref = 


values derived from automated refractometry; N/A = not available. 
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Fig. 1. Case 1, left eye. Orbscan keratometric map before (a] and after surgery [b], showing stability in 
topographic astigmatism. Toric lOL software calculation with suggested lOL position (c] and final lOL 
position (d], with lOL marks aligned according to the suggested position. 
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Fig. 2. Case 2, left eye. Orbscan keratometric map before (a] and after surgery (b], showing stability in 
topographic astigmatism. Toric lOL software calculation with suggested lOL position [c] and final lOL 
position (d], with lOL marks ahgned according to the suggested position. 
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